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BULLETIN  167.] 

Ontario  Department  of  Agriculture. 

DAIRY  BRANCH. 


Mitchell-Walker  Moisture  Test 

By  J.  W.  Mitchell,  B.A.,  Supt.  Eastern  Dairy  School,  and 
W.  O.  Walker.  M.A.,    Lecturer  on    Dairy    Chemistry,    Eastern  Dairy 

School. 

In  October  we  b^an  work  on  the  problem  of  rapid  moisture  deter- 
mination m  dairy  products.  Owing  to  the  increasing  demand,  of  late 
years,  for  a  practical  moisture  test  to  be  used  in  creameries  and  cheese 
factories,  not  a  few  methods  have  appeared  attempting  to  meet  this 
demand.  We  examined  the  reports  of  others  upon  the  various  moisture 
tests  that  are  on  the  market,  and  in  addition  fully  investigated  a  num- 
ber  of  them  ourselves.  We  concluded  that  the  only  feasible  method* 
were  the  beaker  method  and  Gray's  test.  The  beaker  method  consist* 
m  weighing  accurately  into  an  aluminum  cup  a  small  quantity  of  butter, 
heating  it  over  an  alcohol  flame  till  the  moisture  is  all  driven  off,  allow- 
ing  to  cool  and  reweighing.  The  loss  in  weight  represents  the  moisture. 
From  this  the  percentage  of  moisture  in  the  sample  is  calculated.  We 
found  some  undesirable  features  connected  with  this  method,  viz., 

(i)  The  necessity  of  having  a  very  sensitive  balance  with  attached 
weights,  or  else  having  a  cheaper  balance  with  separate  weights  which 
are  rather  tedious  to  use  and  liable  to  get  lost  in  practical  work  in 
factories. 

(2)  The  necessity  of  calculating  from  the  weights  obtained  the  per- 
centage  of  moisture  in  the  sample. 

(3)  The  uncertainty  as  to  the  right  moment  to  stop  the  heating. 

(4)  The  care  required  to  prevent  loss  by  foaming  or  spattering. 

(5)  The  uncertainty  as  to  the  ripht  time  to  reweigh  after  heating, 
since  if  reweighed  when  still  warm  a  wrong  result  is  obtained,  and  if 
allowed  to  stand  too  long  in  the  open  air  before  reweighing  the  dried 
sample  absorbs  moisture  from  the  air,  and  hence  again  a  wrong  result 
is  obtained. 

(6)  The  necessity  of  weighing  accurately  to  the  second  decimal 
place,  in  grams,  to  give  a  sufficiently  accurate  result. 


Upon  the  whole  we  concluded  that  this  met  I  which  has  been 
considered  by  several  chemists  of  note  as  the  best  rai>id  test  yet  offered, 
although  quite  reliable  in  the  hands  of  a  careful  worker  in  a  chemical 
laboratory,  is  not  suitable  in  the  hands  of  the  average  man.  Not  to 
our  knowledge  has  it  ever  been  used  or  recommended  for  work  with 
curd.  We  tested  it  with  curd  and  found  it  to  work  fairly  w<Il,  but  of 
course  the  above-mentioned  objections,  with  the  exception  of  number 
4,  still  hold  here.  Several  modifications  of  the  beaker  method  have 
appeared  from  time  to  time. 

Gray's  test,  consisting  of  heating  a  ten  eram  sample  of  butter  with 
a  mixture  of  amyl  acetate  and  amyl  valerianate  in  a  glass  flask,  to  which 
are  attached  a  ?lass  condenser  and  graduated  receiver  reading  in  per- 
centages, presented  none  of  the  above  difficulties;  but  we  found 
several  objections  to  it  of  a  much  more  serious  nature.  It  gave,  with 
us,  readings  altogether  false  as  compared  with  the  official  method,  con- 
cerning which  there  is  no  doubt  whatever  as  to  its  reliability.  Further, 
so  much  care  is  required  to  prevent  loss  of  moisture  through  the  open 
graduated  neck  and  to  guard  against -the  breaking  of  a  comparatively 
expensive  and  fragile  piece  of  glassware,  that  these  points  themselves 
would  tend  to  militate  against  its  use  in  a  creamery.  In  addition,  the 
apparatus  requires  putting  the  different  portions  together  and  taking 
them  apart  again  for  each  test.  Lastly,  the  reagent  used  is  rather  expen- 
sive for  practical  use,  since  it  cannot  be  used  over  again. 

Since  Gray's  form  of  apparatus  appeared  on  the  market  a  so-called 
"improved  form"  of  it  has  been  brought  forward.  We  tested  this,  also, 
but  found  it  more  fragile,  rather  cumbersome,  and  requiring  consider- 
able time  and  trouble  to  clean,  although  it  gave  more  accurate  readings 
than  the  original  form.  This  greater  degree  of  accuracy  is  due  to  a  modi- 
fied form  of  graduation  of  the  scale.  The  errors  in  the  results  with  the 
original  form  of  Gray's  test  are  due,  chiefly,  to  absorption  of  moisture 
by  the  re;.gent  used  and  not  to  any  lack  of  condensation,  providing  suffi- 
cient care  is  taken  in  conducting  the  test. 

B'  •  "'^atisfied  with  all  the  methods  investigated  by  us,  we  under- 
took >  It  a  form  of  moisture  test  that  would  prove  more  satis- 
factt:  uec'ded  that  the  following  requisites  were  necessary,  and 
we  k''  r  •  jntinually  in  view  during  our  work: 

(i^  ..  .ipid  and  reasonably  accurate  method. 

(a)  An  inexpensive  form  of  apparatus,  both  to  purchase  and  to  use. 

(3)  A  durable  form  of  apparatus  and  one  easy  to  clean. 

{4)  A  method  that  requires  no  great  amount  of  attention  or  care 
in  operating,  and  that  can  thus  be  used  by  the  average  factory  man. 

(5)  An  apparatus  than  can,  if  damaged,  be  easily  repaired  at  small 
cost. 

(6)  A  method  equally  suitable  for  testing  butter,  curd  and  cheese. 


to  «Tll*  "***  *!j'"^J?  **•*'.'**  °"  *■••  o^  "^o"'**.  »he  underlying  principle 

w..  th.»  r..l  ^  °"'^  °"'  !!!■'  "PP*"«*  '°  waran/develop^C 
WM  that  of  luing  a  reagent,  expelling  the  moisture  with  heat,  coAdena- 
mg  the  vapor  nid  collecting  it  in  a  vessel  graduated  to  read  directly  in 

The  next  points  to  settle  were  the  best  form  of  apparatus  and  the 
best  inexpensive  reagent  to  use. 

At  the  outset  we  determined  to  use  metal  in  the  apparatus,  i«  far 
as  possible,  rather  than  glass,  owing  to  the  danger  of  breaking  the  latter, 
and  to  use  no  rubber  connections.  We  thought  to  make  the  condenser 
and  heating  flask  of  aluminum,  if  possible,  owing  to  its  many  desirable 
qualities.  As  no  satisfactory  solder  for  aluminum  has,  as  yet,  appeared 
we  could  not  attach  an  evaporating  cup  to  the  condenser,  unless  we  used 
some  form  of  shouldcr-and-nut  connection,  which  did  not  seem  altogether 
desirable,  nor  could  we  attach  an  inner  condenser  tube  to  an  outer  water 
j«cket  unless  we  used  rubber  stoppers  at  the  ends.  Further,  upon 
experimenting  to  determine  the  effect,  if  any,  of  reagents  upon  sheet 
aluminum,  we  found  that  the  aluminum  became  roughened  too  much  to 
warrant  its  use  as  an  inner  condenser  tube. 

. ,  y^?  **!*"  **?*«**  '*>«  '"feet  of  reagents  on  other  metals,  finding  that 
block  tin  showed  no  ill  effect  whatever.  We  decided  then  to  use  a  block 
tin  tube  for  the  inner  condenser  tube.  This  was  sufficiently  cheap,  and 
could  be  easily  soldered  to  the  outer  water  jacket  and  to  the  evaporating 
cup.  We  had  the  outer  water  jacket  made  of  thin  sheet  brass.  The 
best  size  of  tin  tubing  to  use  had  to  be  determined  by  experiment  and  also 
the  size  of  the  water  jacket. 

We  decided  that  to  insure  complete  condensation  of  the  water  with- 
out  making  the  condenser  loo  cumbersome,  the  vapor  should  be  driven 
downward  instead  of  upward.  This  would  thus  insure  the  lower  part  of  the 
condenser  being  cold,  since  the  warmed  water  would  remain  at  the  top 
We  wished  further  to  have  a  condenser  large  enough  to  hold  sufficient 
water  not  to  need  refilling  under  average  conditions  in  a  factory. 

The  object  of  using  a  reagent  was  to  have  something  to  keen  the 
butter  from  foaming  too  much  during  the  heating  process,  to  help  carrv 
the  condensed  moisture  out  of  the  inner  condenser  tube,  and  to  wash  the 
tube  out  thoroughly  afterward.  We  tested  the  use  of  amyl  butyrate  at 
this  stage,  since  it  was  almost  insoluble  in  water  and  was  sufficiently 
volatile  for  part  of  it  to  be  driven  off  with  the  moisture,  and  at  the  same 
time  had  a  boiling  point  sufficiently  high  for  part  of  it  to  remain  after 
all  the  moisture  was  expelled  from  the  sample,  and  pass  over  later  to 
serve  as  a  wash  for  the  inner  condenser  tube.  We  were  unable  to  pro- 
cure a  suitable  metal  evaporating  cup  at  first,  and  in  the  meantime  used 
a  glass  flask,  connecting  it  with  the  condenser  by  means  of  a  perforated 
rubber  stopper.  We  used  the  condenser  in  slanting  position  at  first, 
but  found  that  in  this  position  the  inner  tube  did  not  become  thoroughly 


waithed  out  by  the  reagent.  We  then  used  it  in  an  upright  position. 
Thia  modiAcation  and  the  uac  of  an  inner  tube  of  auitabie  bore,  formed 
a  combination  that  worked  admirably,  causing  the  inner  tube  to  Hush 
quickly  and  thoroughly.  It  ntcessitated  considerable  experimenting  to 
ascertain  the  best  Aise  of  inner  tube  to  use,  one  neither  too  large  nor  yet 
too  small  in  bore,  as  each  extreme  presented  its  own  difficulties. 

The  graduated  receiving  vessel  had,  of  course,  to  be  made  of  glass. 
We  tried  several  forma  and  sites,  finally  adopting  that  shown  (and 
marked  C.)  in  the  illustration  appearing  in  the  bulletin.  The  oval- 
shaped,  wide*mouthed  upper  onrtion  forms  a  suitable  receiver  for  the 
condensed  moisture  and  reagc  ;t  ind  a  reservoir  for  the  latter,  while  the 
constriction  and  outward  curvature  at  the  mouth  and  the  spring  wire 
clamp  on  the  bottom  of  the  condenser  form  a  combination  for  readily 
attacning  the  receiver  to  the  condenser  and  just  as  readily  detaching  it. 
The  tube  forming  the  lower  portion  of  the  receiver  is  of  suitable  bore 
to  be  graduated  for  reading  per  cent,  of  moisture  for  the  size  of  sample 
taken,  while  the  stop-cock  at  the  bottom  is  for  emptying  purposes. 

We  wished  to  have  the  whole  apparatus  so  constructed  that  it  could 
be  readily  taken  apart  and  packed  for  pse  by  travelling  inspectors,  and  in 
this  we  feel  that  we  have  been  singularly  successful. 

For  the  purposes  of  this  test,  we  found  that  a  sufRciently  accurate, 
and  otherwise  suitable,  balance  was  obtainable  at  a  reasonable  price, 
thus  making  the  whole  apparatus  really  no  more  expensive  than  would 
be  a  balance  alone  which  would  be  sufficiently  accurate  to  be  used  in 
connection  with  any  of  the  beaker  tests,  since  they  necessitate  the  use  of 
a  balance  that  will  weigh  accurately,  in  grams,  to  the  second  decimal 
place.  To  facilitate  the  work  of  readily  balancing  the  cup  on  it  for 
weighing  the  sample  we  devised  a  counterpoise  to  be  attached  to  one 
of  the  arms  of  the  balance.  (See  illustration.)  This  saves  time  in  the 
weighing  of  thd  sampk,  making  it  a  very  quick  process. 

We  felt  that  the  only  problems  left  to  solve  were  those  of  getting 
a  suitable  metal  evaporating  cup,  and  of  satisfying  ourselves  with  regard 
to  the  reagent  to  •  After  some  difficulty  we  succeeded  in  getting  a 

cup  of  thin  sheet  per  made  by  the  spinning  process,  thus  eliminating 
the  use  of  solder,  which  would  melt  under  the  heat  applied.  We  had 
considerable  difficulty  in  getting;  a  satisfactory  steam-tight  joint  in  the 
cup,  however,  but  we  have  proved  that  the  one  we  are  now  using  is 
perfectly  reliable.  The  form  of  cup  is  cylindrical,  which  renders  it  easy 
to  weigh  the  sample  into  and  to  clean. 

The  problem  of  the  best  and  cheapest  reagent  to  use  proved  to  be 
the  hardest  of  all  to  solve.  The  main  difficulty,  outside  of  the  feature 
of  expense,  lay  in  the  fact  that  all  the  reagetts  we  tried  (and  we  tried 
many)  seemed  to  absorb  part  of  the  moisture  driven  from  the  sample 
under  the  test,  and  thus  delivered  a  shortage  of  water,  and  caused  the 
readings  to  be  too  low.      We  had  the  receiving  tube  graduated  to  read 


in  percentages,  providing  a  ten  gram  lample  were  used  and  all  the  moi*< 
lure  were  recovered,  that  i*.  a  volume  of  water  recovered  measuring  one 
«ibic  centimetre  would  read  ten  per  cent,  on  the  kcale  of  our  receiver 
After  obtaining  no  reagent  that  would  deliver  all  the  water  we  concluded 
that  w«  would  have  to  juat  decide  upon  some  one  reagent,  and  compare 
the  reaulta  from  ita  uae  with  those  obtained  from  the  official  method: 
that  IS,  heating  a  very  accurately  weighed  sample  in  a  water  oven  to 
constant  weight,  reweighing  and  calculating  the  percentage  of  moisture 
from  the  loss  i.i  weight  from  the  heating  process.  Now,  amyl  l,utyrat« 
seemed  to  be  a  fairly  desirable  reagent,  although  it  had  some  undesirable 
features,  namely,  that  it  was  rather  expensive--especially  the  chemically 
pure  product;  its  boiling  point  was  rather  high,  requiring  a  longer 
time  than  we  thought  desirable  to  drive  enough  of  it  over  to  wash  out 
the  inner  lube  of  the  condenser,  and  its  odor,  although  pleasant  under 
ordinary  circumstances,  proved  to  be  disagreeable  when  heated  with 
butter,  or  when  in  contact  for  any  !  /th  of  time  w  ifh  the  •'ends.  We 
tried  a  large  number  of  reagents,  among  which  were  eucaiyptol,  amyl 
aceUte  and  various  distillation  products  of  crude  petroleum.  In  choos- 
ing a  reagent  we  had  to  consider  the  various  requisites  of  one  suitable 
for  our  purpose,  namely,  its  boiling  point,  specific  gravity,  ability  to 
prevent  foaming  of  the  sample,  stability  under  the  conditions  to  which 
it  would  be  subjected,  itj  suitability  for  flushing  t»-s  inner  tube  of  the  con- 
denser and  finally  its  cost.  Although  we  cou.d  easily  have  chosen  a 
reagent  consisting  of  a  mixture  of  substances  which  would  have  per- 
formed the  work  well  enough,  yet,  as  we  were  anxious  to  use  our 
reagent  over  and  over  again  to  reduce  the  expense  of  testing,  we  had  to 
discard  the  idea  of  a  mixture,  since  the  constituents  of  highest  boiling 
points  would  partly  remain  behind  in  the  evaporating  cup,  thus  altering 
the  composition  of  that  portion  of  the  reagent  recovered.  We  finally 
conclu  :s->d  that  amyl  acetate,  when  chemically  pure,  fulfilled  these  requis- 
ites in  the  largest  measure. 

After  thus  getting  our  method  approximately  complete,  we  concen- 
trated our  efforts  upon  solving  the  problem  connected  with  its  accuracy. 
We  first  used  it  wiih  butter,  and  after  making  ar  exhaustive  number  of 
tests  w  11  this  prnHuct  wf  liscovered  that  the  loss  of  moisture  due  to  the 
reader     approxihiated  oHsU^nt    quantity,  rather  than  being  propor' 

tional  to  the  percentagr  the  moisture  in  the  samples.  We  next  used  our 
test  with  curd  and  chres.  and  found  the  same  principle  to  hold  here  also. 
The  explanation  of  thi  i^mturs  to  us  to  be  that  the  moisture  lost  is  that 
absorbed  by  the  portior 
the  balance  ni  the  rea|. 
Wc  thus  found  it  r 
ing  tube  accordingly,  s«. 
ing  the  results  obtained  b^ 
examination  of  the  table  of 


h' 


rea^'  it  that  volatilizes  with  the  moisture, 
•"  recovered  in  a  moisture-free  condi  in. 
=«¥  Jo  correct  the  graduations  on  the  receiv- 
ft  now  gives  readings  closely  npproximat- 
Ite  official  method,  as  may  be  seen  from  an 
esults  obtained  bv  us. 


KiLIABILITY  or  THB  TitT. 

That  the  test  in  reliable  and  more  than  approximately  accurate  m 
evident  from  the  reault*  recorded  in  the  following  tablei : 


BoltOT 

ianplea. 

OravioMtric 

Rapid 
Method. 

Curd 
■aaplaa. 

OriTiaetric 
Method. 

Rapid 
MetbiDd 

ll.M 

11.7 
11.5 

w.e 

89.6 

ae.6 

15  81 

15.8 
15.4 

H.88 

55.4 
55.4 

It.SS 

ia.4 

1S.5 

58.12 

58.2 

58.0 

0.90 

9.8 
tt.8 

49.07 

40.2 
49.4 

14.50 

14.4 
14.4 

61.88 

61. i. 
62.0 

10.88 

10.05 
10.95 

ChetM 
Bamplet. 

ll.M 

11.(15 
11.7 

1 

30.58 

80.4 
CO. 2 

19.58 

19.9 
19.5 

t 

86.0 

84.8 
84.6 

li.n 

16.7 
16.7 

10 

12.10 

1S.2 
12.2 
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M.M 

IS.O 
12.1 

IS 

14.0 

14.1 
14.1 

Rapidity  of  the  Taar. 


Our  methods  of  preparing  the  samples  arc  "ery  simple,  rr''able  and 
rapid,  while  the  thin,  metal  evaporating^  cup  and  the  style  of  ndenser 
used  permit  of  rapid  evaporation  and  insure  condensation  of  -  *  mois- 
ture without  danf^er  of  either  breakagfes  or  loss  of  m  >isture. 

The  time  required  for  driving  all  the  moisture  <rum  a  saanple  of 
butter  or  curd  is  from  four  to  sevett  minutes. 

Test  Simple  to  Conduct  and  Appa     '  js  Easy  to  Clean. 

An  examination  of  the  cut  and  a  reading;  of  the  description  of  the 
test  and  the  directions  for  conducting  it  will  satisfy  th«  reader  as  to  its 
simplicity.  The  apparatus  is  simple  in  all  its  parts,  while  a  sing^le 
reagent,  not  a  mixture,  is  used  in  the  test. 

There  are  very  few  pieces  to  clean  and  these  are  so  constructed  as 
to  facilitate  the  work  of  cleaning  them.  The  size  and  shape  (cylindrical) 
of  the  evaporating  cup  render  it  very  easy,  both   to  fill  and   to  clean, 


while  tit- 
P»rtf  art  ;j 


•  ifwt  prevents  the  Mmple  from  adbrrinf  to  it.     All  other 
••  easily  cleaned. 

Small  Coit  op  Conducting  a  Test. 


The  chief  iUm  of  vitpeitke,  in  conwucting  a  test,  is  ihf  reairent  used. 
TT's  we  have  fucceeded  in  reducing  to  a  minimum  througti  maltini,'  pro- 
vision for  us!'y  the  reagent  over  and  over  aifain.  The  averag;  list  per 
test  for  he      buttt"    id  r'leese  is  somewhat  beloW  half  n  cent. 

Dloabilitv  op  iHB  Appamatus  and  Cost  OP  Repairs. 

Practically  the  whole  of  the  apparatus  is  made  of  metal— the  cvapor* 
ating  cup,  the  condenser  and  the  spirit  lamp— and,  in  addition,  it  is  made 
in  sections.  It  is  thus  seen  that  the  apparatus  is  durable,  the  chances  for 
breakages  are  slight  and  repairs  can  be  made  at  a  trifling  cost.  Every- 
thing considered,  the  apparatus  is  an  economical  one  both  to  purchase 
and  to  use. 

Othir  Uses  por  the  Test. 

While  originally  designed  for  use  in  connection  with  cheese  and 
butter  making,  the  test  will  doubtless  serve  a  much  wider  fitild  than  that 
for  which  it  was  devised.  We  have  used  the  apparatus  for  determining 
the  percentage  of  moisture  in  flour,  bread,  bieakfast  foods,  wood  pulp, 
etc.,  with  good  results. 


EXPLANATION  AND  DESCRIPTION  OF  THE  TEST  AND  APPAR- 
ATUS,  AS  SHOWN  IN  THE  ACCOMPANYING  ILLUSTRATION. 

Expianation  op  the  Test. 

A  representative  sample  of  the  substance  to  be  tested  having  been 
obtained,  the  required  quantity  of  it,  lo  grams  of  butter  or  5  grams  of 
curd  or  cheese,  is  weighed  into  the  evaporating  cup  A.  To  this  is  added 
the  reagent.  After  connecting  the  cup  with  its  cover  the  moisture  and 
reagent  are  evaporated  by  means  of  the  spirit  lamp  E.  The  vapors  are 
condensed  to  liquid  form  again  in  passinr  through  the  small  tube  ba,. 

of  the  condenser  B — this  small  tube  being  surrounded  bv  cold  water 

and  the  condensed  moisture  and  reagent  flow  out  of  the  condenser  into 
the  graduated  glass  receiver  C.  As  the  water  and  the  reagent  do  not 
mix,  the  water,  which  is  the  heavier,  settles  to  the  bottom  of  the  grad- 
uated tubular  neck  of  the  receiver. 

The  scales  on  this  neck  are  graduated  for  reading,  directly,  the  per 
cent,  of  moisture  in  a  sample  when  either  J  or  10  grams  are  t7feen  to  a 
test. 


An  examination  of  the  accompanying  cut  shows  the  whole  appar- 
atus— lamp,  cup,  condenser  and  receiver — to  be  supported,  when  in  use, 
by  the  upright  K,  which  screws  into  a  plate  on  the  top  of  the  base  H. 
Once  the  sample  is  weighed  and  the  heat  applied  the  work  goes  on 
almost  or  quite  automatically;  and  as  there  is  no  delicate  glassware 
that  requires  close  attention  and  no  danger  of  the  escape  and  loss  of  any 
of  the  moisture,  the  operator  is  at  liberty,  during  the  short  time  that  it 
takes  to  evaporate  the  moisture,  to  attend  to  other  small  duties,  if  cir- 
cumstances call  for  it,  as  they  frequently  .do. 

The  reagent  used  serves  several  purposes.  It  prevents  foaming  and 
keeps  the  sample  from  adhering  to  the  bottom  of  the  cup  or  charring 
unduly ;  a  portion  of  it  passes  over  with  the  moisture  and  aids  in  carry- 
ing it  both  out  of  the  condenser  and  down  the  receiver;  while  the  high 
boiling  point  of  the  reagent  causes  a  portion  of  it  to  remain  behind  in 
the  cup,  pass  over  later  and  thoroughly  wash  all  the  moisture  out  of 
the  small  tube  of  the  condenser.  This  last  is  very  much  facilitated  by 
the  upright  position  of  the  condenser. 

Description  of  the  Apparatus. 

A.  Evaporating  cup  (metal). 

a  I.   Evaporating  cup  proper. 
a2.  Lid  of  cup. 

B.  Condenser.  ' 

bi.  Jacket  of  condenser  for  holding  water. 

hz.   Block  tin   condenser  tube  through    which    the    vapors   pass 

to  be  condensed. 
b3.  Spring  clamp  for  holding  the  graduated  receiver,  C. 

C.  Graduated  glass  receiver.  The  condensed  liquids  flow  into  this, 
the  water  settling  to  the  bottom  of  the  graduated  tubular  neck. 
The  receiver  has  two  scales,  one  for  reading  per  cent,  for  5 
grams  and  the  other  for  reading  for  10  grams. 

D.  Balance  for  weighing  the  sample.    The  cup.  A,  is  placed  in  one  . 

pan  and  is  readily  balanced  by  means  of  the  counterpoise  on  the 
opposite  beam.  The  weight  is  then  placed  in  the  other  pan  for 
weighing  the  sample  to  be  tested. 

E.  Spirit  lamp  (metal  for  evaporating  the  moisture  from  the  sample. 

F.  Reagent  outfit. 

fi.     Bottle  of  reagent  prepared  for  use. 
{2.  Bottle  for  receiving  used  reagent. 
f3.  Graduate  for  measuring  reagent. 

G.  Alcohol  bottle  for  holding  wood  alcohol  to  be  used  in  the  spirit 
lamp. 

H.   Stand  or  base  for  apparatus. 

K.   Upright  which  screws  into  the  base  H. 
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L.  Sampling    cup    and    spoon    for   preparing  sample  of  butter  and 
transferring  it  to  evaporating  cup  on  balance. 


M.  Curd  and  cheese  sampler. 

mi.  Cylinder  for  takinp  sample.    It  has  a  wire  eauze  on  one  end. 
ma.  Piston   for  forcing-  the  sample  through   sieve  or  gauze  on 
the  end  of  mi,  thus  cutting  it  into  fine  particles. 
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DIRECTIONS  FOR  CONDUCTING  TEST. 
To  Tbst  Buttbr. 


Set  up  the  apparatus  just  as  it  appears  in  the  cut. 
rill  the  condenser  with  cold  water. 


I. 

a. 

samrfin^o^"  T*  '^™f*"»«ti^f,  »«|nple  of  butter  and  place  it  in  the 
•ampluv  cup,  L.  Heat  carefMy.  either  in  hot  water  or  over  the  alcohol 
«n^iST"^  continuously  with  the  spoon  provided  until  the  butter  is 
all  tnelUa  to  a  creamy  consistency. 

h„  Jl.^^lS''  evaporating  cup,  A,  on  the  scale  pan  and  balance  it 
by  means  of  the  counterpoise  on  the  opposite  beam.  Place  the  lo  gram 
Z^&  T  f  °*''«L  *!«»>«  pan  and  after  again  stirrinir  the  sample  thor- 
ojjgrWy,  transfer  sufficient  of  it  to  the  cup  to  exactly  balance  the  lo  gram 

5-  Using  the  graduate,  {3,  add  10  cubic  centimeters  (cc.)  of  the 
reagent  to  the  cup  from  the  bottle  fi.  *      ' 

6.  Connect  the  cup  with  its  lid  aa. 

7-  Apply  the  alcohol  flame  (  a  fairly  large  flame)  to  th->  evaoora- 
i!!*i^T"       '*'"P  "  u  ^  '^^''^y  ^'*J"«*«1  »>y  """^^ng  it  on  the  upright. 

Lo^LTJ"'""!,*  '^"^  "^T  l"^  '^^^*"*  «^'"  J^"  to  Pa«  over  Vnd 
drop  from  Ae  condenser  tube,  ba,  into  the  receiver,  C.     After  all  the 

Ztt^L*^"  "•"P^^"'  '™'"  **'•'  '^"P  the  rea;rent  wiU  cease,  or 
almost  cease,  dropping  for  a  moment  and  then  begin  again  as  soon  as  it 
has  reached  its  own  boiling  point,  which  is  higher  than  that  of  water. 
Continue  to  apply  the  flame  until  prjictically  all  the  reaeent  is  driven  off 

SL  „-^*^"  *°  S^P  '"^'l'  'Z*""  **  condenser  tube.  By  this  means  all 
the  water  is  washed  out  of  the  condenser  tube  and  the  major  oortion  of 

**  ?*?^"*  "  recovered.  Now  swinr  the  alcohol  lamp  to  one  side  and 
put  tts  Ita  on. 

it  hv®;hi"iT*"**'''^  •?'"°''!  «•**  T*'^"'  ^'  '^'^  •*»  "outh  '^''d,  taking 
X^I  ^'  *T^.  '*  ''^'•'^""y  "  ^^'^  *™««  to  '«ta<=h  any  drops  ^f  wat"^ 
that  may  be  adhering  to  its  sides.  Read  the  percentage  of  moSe 
direct  from  the  scale,  taking  the  bottom  of  the  menisc^S  l^t^n  "he 
wa  er  and  reagent  as  the  top  of  the  ..ater  line.  Should  any  pSs  of 
moisture  still  adhere  to  the  side  of  the  tube,  or  the  meniscus  be'^fmSrfec" 
the  wire  accompanying  the  apparatus  can  be  used  to  remedy  this 
9.  Have  two  reagent  bottles  and  label  them  i  and  2. 

No.  I  contains  the  reagent  ready  for  use. 

No.  2  is  for  the  used  reagent. 
»ll  .1°'  T*"  ^^Pty'^g^  the  receiver,  C,  first  open  the  stopcock  to  allow 

tettiSr  /o°,i"'n  °"Vu  **'*'"  ^^°^  ''  ^"^^  *•'*"  ''Old  the  receiver  over 
.bottle  No.  2  and  allow  the  used  reagent  to  run  into  it.     The  receiver, 
after  being  shaken,  is  ready  for  use  again. 

t       ".i  ®°!u'*  ^°'  '  '?  "^'^^ssary  for  keeping  the  used  reagent  separate 
from  the  other,  since  it  has  absorbed  a  small  amount  of  moisture  from 
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which  it  must  be  freed  before  it  can  be  u&ed  af^ain,  else  it  would  give 
too  high  a  reading.  When  the  water-free  reagent  in  bottle  No,  i  has 
been  all,  or  nearly  all,  used  up,  the  used  reagent  in  bottle  No.  2  can  be 
freed  of  moisture  by  filling  the  carefully  cleaned  evaporating  cup  with 
it,  attaching  it  to  the  condenser  and  heating  until  water  ceases  to  drop 
from  the  condenser  tube.  The  drops  of  water  are  readily  seen  as  they 
sink  through  the  reagent  in  the  receiver.  Now  remove  the  cup  and 
empty  its  contents,  which  are  free  of  moisture  and  ready  for  use,  into 
bottle  No.  I.  Put  the  reagent  in  the  receiver  into  bottle  No.  2,  as  it 
contains  moisture. 

Cautions. 

I.  Always  empty  the  reagent  in  the  receiver,  C,  into  bottle  No.  a. 
3.  Never  use  the  reagent  from  bottle  No.  2  for  testing;  use  only 
,  that  from  bottle  No.  1. 

To  Test  Curd  and  Cheese. 

The  directions  for  testing  curd  and  cheese  are  similar  to  those  for 
butter  with  the  exception  of  the  following :  The  sample  is  taken  by  pres- 
sing the  cylinder,  mi,  into  the  curd  in  the  vat  or  into  the  cheese,  as 
the  case  may  be,  twisting  it  round  and  pulling  it  out.  The  sample  will 
be  found  in  the  cylinder.  Be  sure  to  obtain  as  representative  a  sample 
as  possible.  The  piston,  ma,  is  now  pressed  in,  thus  forcing  the  sample 
through  the  sieve  on  end  of  cylinder,  mi.  The  sample  should  be  pressed 
through  the  sieve  once  more  to  reduce  it  to  a  fine  state  of  division.  Stir 
the  sample  with  the  spoon  and  transfer  it  to  the  evaporating  cup  on  the 
balance,  using  five  grams  to  a  test. 

Use  fifteen  cubic  centimeters  of  the  reagent  for  curd  and  cheese 
and  add  a  small  piece  of  paraffin  wax  to  the  cup  to  prevent  the  sample 
from  adhering  to  the  bottom.  After  the  test  the  curd  or  cheese  is  readily 
removed  by  means  of  the  spoon  whose  upper  end  is  specially  fitted  for 
this  purpose. 

No  great  care  need  be  taken  in  cleaning  the  cup  after  a  test,  since 
it  contains  no  moisture  and  can  be  easily  balanced  on  the  scale  pan  by 
means  of  the  counterpoise.     Simply  wipe  it  out  with  a  dry  cloth. 

DiKECTIONS    FOR   CLEANING    THE    APPARATUS   AND    FILLING   CONDENSER. 

The  condenser  need  never  be  refilled  with  water  unless  several  tests 
are  made  in  close  order.  In  this  case  empty  the  condenser  when  it 
becomes  very  warm  about  half  way  down  and  refill  it  with  cold  water. 

The  inner  condenser  tube  must  be  cleaned  after  every  few  tests,  with 
the  flexible  brush  supplied.  This  should  be  run  through  the  tube,  first 
in  the  dry  condition  and  secondly  moistened  with  the  reagent.  Use  no 
water  in  this  operation. 
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be  ap^^renr**'"^  ^  '"''  '"''  '^'  '""^^'"'y  ^^  ^»'«  ^^ole  operation  will 


ADDENDA. 


been  done  are  made  b^^«      ^"/u  ^'"*'''  ^''j^stments  after  this  has 
beyond  Sie  XLm  ^  ""'"'  °'  '^^  ""»  °"  *''*=  ^^^^^^  that  projects 

Keep  the  glass  stopper  of  the  graduated  receiver  vaselin^rf 

.<Jz::rz^:^         ^  .HcSioi„trr  .p  has 

pound.     It  should  be  put  in  tJecup  and  S^H  ?nr      "^^"^  °"^  ''°"«^  P«^ 
sary,  Ireed  from  the  same  £?o,i7s?4!    ^  °'  '"°"'"'^'  ^"^'  ''"«*»- 


PRICE  OF  THE  MOISTURE  TEST. 

rompTrt:rtr?ncS.t  TTLlrr ''  ''^  '*°"°-"^  p"-= 

case  for  outfit. '$a  additfo^l.  mis^lVrL'hT"**.  *'\  ""'"^^"'"^ 
ordered.)  In  cases  where  tL  h^loi  t  ^"™  *='?^  on'y  when  specially 
wished,  a  deduS  of  $7.o  L^  ,r  u"  '''"^'""?  °"*  ^^n^pJes  is  not 
mend  the  usVoVth"  balance  'innnln   ^     ''^  ''"'^  '^  "'^'**^-     ^^  ••«<=^'"- 

CustrSlrk^nra  wn[i%SSl"  fSV""^  at  reltnTb^prices. 
Of  it  have  to  be  imported  ^n^.^fy^it !Srlt''°"'''''''  °"'*'  ^'^  '^''' 

Send^'airL^;  "f  '*'="°'"P^"''^d  ^y  the  price,  sent  C.O.D. 
Kin/sion    OnSr    '°^    ^''^^^^^"^    *°    ""P*"    ^^  ^-^-^  ^airy  School. 


